A utism spectrum disorder (ASD) affects 1 in 68 children in the United States and describes a group of neurodevelopmental disorders with core deficits characterized by difficulties in social interaction/social communication, presence of repetitive behaviors, restricted interests, and hyper-or hypo-reactivity to sensory input. 1 ,2 Core deficits of ASD limit functional task performance and societal participation. 3 Many children with ASD have motor impairments that negatively impact performance of functional tasks; thus, motor abnormalities may be reflected in the social challenges of individuals with ASD more significantly than previously recognized. 4 Gross motor delay exists in up to 68% of toddlers with ASD, is identifiable as early as 6 months of age in infants at high risk of ASD, is persistent, and increases in severity in this population with age. [5] [6] [7] [8] [9] [10] Parents recognize early signs of potential developmental problems in children with ASD by 14 months, and earlier parent recognition is associated with more severe motor developmental delays. 11 Furthermore, children who are 2 to 5 years old and who have ASD exhibit significant gross motor delay despite higher activity level than peers with typical development. 12 Gross motor developmental status independently predicted calibrated autism severity (a standard conversion score of the Autism Diagnostic Observation Scale [ADOS] allowing comparison of severity across modules) and is related to core features of ASD, notably social skills, communication ability, and performance of activities of daily living/ adaptive behavior. [13] [14] [15] Behavioral problems are common in children with ASD and impact multiple domains of a child's life. Problem daytime behaviors are those that impact a child's life during waking hours, are often considered separately from sleep problems, and are commonly categorized into internalizing and externalizing categories (Figure) . 16 Additionally, all domains of pediatric health-related quality of life (QoL), even physical functioning, are significantly lower in children who are 2 to 8 years old and who have ASD than in peers and children who are developing typically and who have other chronic conditions. These domains are negatively correlated with internalizing and externalizing problem behaviors in individuals with ASD. [17] [18] [19] Despite the clear association between ASD symptom severity and gross motor delay, evaluation of and subsequent intervention for gross motor delay is not typically conducted for young children with ASD. 4, 18, 20 Early intervention services to address gross motor delays in young children with ASD improves gross motor performance and may positively impact social functioning. [21] [22] [23] [24] Several authors of the current investigation, who are experienced physical therapists, have observed and discussed that children with ASD and gross motor delays who have behaviors described in the internalizing category (withdrawn, anxious, inhibited) tend to explore and move less, and may have a greater need for physical therapist examination and intervention compared with children with externalizing behaviors (hyperactivity, aggression, poor inhibition) ( Figure) . Greater understanding of the multifactorial impacts of gross motor development in young children with ASD would support the assessment of gross motor development and inclusion of physical therapists as part of the team of skilled professionals who intervene with this population. The purpose of this investigation was to examine the associations among gross motor functioning, problem behavior, and QoL in young children with ASD.
Specifically, for children who are between the ages of 2 and 6 years and who have ASD, the 5 hypotheses of the investigation were as follows: a measurable gross motor delay is present; the gross motor developmental level is negatively associated with problem behavior; the gross motor developmental level is positively associated with QoL; problem daytime behavior is negatively associated with QoL; and the gross motor developmental level modifies the association between problem daytime behavior and QoL.
Methods

Database
Clinical data were obtained from the Autism Speaks Autism Treatment Network (ATN) database, a multisite clinical registry database from 19 clinical sites. ATN inclusion data include (1) individuals between 2.0 and 17.9 years of age; (2) ASD diagnosis through either use of the ADOS or clinical diagnosis with DSM-IV 25 checklist; (3) planned or ongoing care at an ATN site to allow for follow-up testing; and (4) parent/ caregiver fluent in written/spoken English and English spoken to the child at home at least 75% of the time. After confirmation of ASD diagnosis, families and children were recruited for registry participation by ATN staff. Parents and legal guardians provided consent under supervision from each site's institutional review board.
Participants
Retrospective analysis of data from children who were 2 to 6 years old and who were included in the ATN registry was conducted under approval from the Colorado Multiple Institutional Review Board. This age range was selected due to interest in early remediation of gross motor impairments and because a convenience sample was available given age ranges for instruments through ATN. Children were excluded from analyses (n = 98) if they had Vineland Adaptive Behavior Scales, 2nd edition, gross motor v-scale (VABS-GM) score of < 12, and any of the following: a diagnosed genetic disorder (eg, Down syndrome, Rett syndrome, fragile X syndrome, neurofibromatosis, Angelman syndrome; n = 7), high tone or a reflex abnormality (n = 40), a seizure disorder (n = 27), or a diagnosed neurological condition (n = 34).
Data for each participant were collected between 2006 and time of database closure for this study (December 19, 2013) . Of 3155 possible participants (523 girls, 2631 boys, 1 missing; mean age = 4 years 1.9 months; SD = 1 year 3.6 months), 2091 were included (after accounting for missing data) in each adjusted regression model examining the associations between behavioral measures, QoL measures, and gross motor performance. Demographics and sample description are summarized in Tables 1 and 2 .
Measures
Vineland Adaptive Behavior Scales, Survey Interview, 2nd edition (VABS). 26 The VABS is a parentreported measure of adaptive behavior for individuals aged birth to 90 years. It consists of 4 domains with 2 or 3 subdomains each. The variables of interest for this investigation included the communication domain standard score (VABS-COM), fine motor v-scale score (VABS-FM), and VABS-GM. The latter 2 scores quantify the motor abilities of children from birth to 6 years, 11 months of age. Individual items are rated on a scale from 0 to 2 (0 = never, 1 = sometimes or partially, 2 = usually) through parent interview to obtain rankings on specific motor skills. Queried gross motor skills are those typical of children through the age of 5 years. The v-scale scores have a mean of 15 and standard deviation of 3 (ie, a v-scale score of 12 represents parent-reported performance at an SD of −1.0). The communication domain includes receptive, expressive, and written language skills (standard score: mean = 100 [SD = 15] ). The VABS is norm referenced, has adequate reliability and validity, and has been widely used for years as a measure of adaptive skills in individuals with a wide variety of developmental and chronic health conditions, including autism. 26 Scaled/standard scores were used for data analysis to allow comparison between different age groups.
Child Behavior Checklist (CBCL). 27,28
The CBCL is a widely used selfadministered, parent-report measure of problem behavior in children. Two tools were used, differentiated by age group: CBCL for ages 1 1/2 to 5 years (99 items) and CBCL for ages 6 to 18 years (112 items). Individual items are scored on a scale from 0 to 2 (0 = not true, 1 = somewhat or sometimes true, 2 = very true or often true). CBCL syndrome scales combine to form 2 problem behavior scales (internalizing problem behavior: somatic complaints, emotionally reactive, anxious/depressed, or withdrawn; externalizing problem behavior: attention problems or aggressive behavior). The t scores above 63 in externalizing, internalizing or total problem behavior indicate clinically significant maladaptive behavior. The t scores between 60 and 63 are borderline, and scores below 60 are within the normal range. Both sets of the CBCL are norm referenced, found to demonstrate excellent reliability and discriminant and concurrent validity for preschoolers with ASD. [27] [28] [29] Pediatric Quality of Life Inventory (PedsQL). 30 The PedsQL is a widelyused parent-report of health-related quality of life in pediatric populations. Questionnaires are targeted for use by different age groups (ie, toddlers aged 2-4 years and young children aged 5-7 years). The toddler inventory consists of 21 items, and the young child inventory consists of 23 items each divided into 4 scales (Physical, Emotional, Social, and School) that combine into 2 domains (Physical Health and Psychosocial Health) and a total. Items are reversescored using a 5-point Likert scale and transformed to standard scores. Psychometric properties of the PedsQL include good to excellent reliability for children who are 2 to 7 years old and discriminant and concurrent validity. The PedsQL has been shown to have sound psychometric properties in a sample of individuals with intellectual and developmental disabilities including individuals with ASD. 30, 31 Calibrated autism severity. 32, 33 The ADOS is a semistructured observational assessment of communication, social interaction, play, and restricted and repetitive behaviors. The ADOS comparison score allows for a continuous, standardized metric of the severity of autism spectrum symptoms that are demonstrated during an administration of this measure. 33 Scores range from a low of 1 (minimal to no evidence of autism spectrum-related symptoms) to a high of 10 (high level of autism spectrum-related symptoms.) This score provides a means to describe ASD severity with relative independence from other individual characteristics including age and verbal intelligence quotient (IQ). Due in part to the modular system of the ADOS, chronological age, nonverbal IQ, and verbal and nonverbal mental age did not predict comparison scores in the calibration sample. The ADOS comparison score focuses on ASD specific symptoms including social affect and social communication as well as the presence of restricted interests and repetitive behaviors. The ADOS comparison score does not measure functional impairment (as assessed on measures such as the VABS), but rather provides a way to mark the level of severity of ASD symptoms relative to an individual's age and language level. Cognitive measures. Children enrolled in the ATN completed an individually administered standardized cognitive/developmental measure. Administration was completed by a psychologist with expertise in working with individuals with ASD and test selection was based on a child's age, ability to complete standardized testing, and clinical needs. As such, a number of measures are part of the ATN battery and include the following: Bayley Scales of Infant and Toddler Development, 34 Mullen Scales of Early Learning, 35 Differential Abilities Scale, Second Edition (DAS-II), 36 Leiter International Performance Scale-Revised (Leiter-R), 37 StanfordBinet Intelligence Scales, Fifth Edition (SB5), 38 Wechsler Abbreviated Scale of Intelligence (WASI), 39 Wechsler Intelligence Scale for Children, Fourth Edition (WISC-IV), 40 
Statistical Analysis
The main variables of interest (VABS-GM, CBCL internalizing and externalizing t scores, and PedsQL total and subscale composite scores) were retrospectively analyzed. Multiple rater reliability data are not available for individual raters participating in the ATN database. Possible associations between VABS-GM scores and child sex, race, ethnicity, IQ, primary caregiver's highest educational level, and data collection site were analyzed using unadjusted linear regression. Additionally, calibrated autism severity and VABS-FM and VABS-COM were examined via Spearman correlation as potential confounders in the associations between the main variables of interest due to known associations of these factors on problem daytime behavior and QoL. [13] [14] [15] VABS social skills and adaptive skills domain standard score were not included because calibrated autism severity score provided a measure of difficulties with socialization and Vineland adaptive skills domain score is impacted by developmental skills assessed in the VABS-GM and VABS-FM.
Child sex, age, race, ethnicity, IQ, primary caregiver's highest educational level, calibrated autism severity, VABS-FM score, VABS-COM, and data collection site were included as covariates in adjusted regression models due to known impacts on gross motor development and/or identified significant associations with variables of interest. [13] [14] [15] 17 Secondary descriptive analysis of VABS-GM by caregiver educational level and site was conducted due to existence of a significant association between primary caregiver educational level and VABS-GM in this dataset. Further tertiary analysis examined the association between caregiver education and site, using a chi-square test, and tested an education-site interaction term with VABS-GM, using unadjusted linear regression. Missing data patterns indicate missing data were missing completely at random, so list-wise deletion was used for adjusted linear regression models. Additionally, variance 
Results
The mean VABS-GM for the sample was 12.12 (SD = 2.15), was equivalent to performance in the 16th percentile, approached clinical significance (ie, 1 SD below the mean), and decreased with each year of age (from 12.68 to 11.45) in this sample. Additionally, increasingly larger proportions of children had VABS-GM less than or equal to 12 in each age group (2 years, 47%; 3 years, 54%; 4 years, 66%; 5 years, 63%; 6 years, 76%). These results are summarized in Table 2 .
Unadjusted associations between VABS-GM and model covariates of race, ethnicity, and sex are summarized in Table 3 . Significant associations were found between VABS-GM and age, IQ, caregiver education level and site (Tab. 3). Additionally, VABS-FM, VABS-COM, and calibrated autism severity were all significantly associated with VABS-GM and with the CBCL internalizing and externalizing t scores (P < .001 for each association) (Tab. 4). VABS-FM and VABS-COM were also significantly associated with PedsQL total score (P < .001) (Tab. 4). Tertiary analysis of educational level and site revealed a significant association (P < .0001), but no significant interaction effect of education level and site on VABS-GM (ie, the association between VABS-GM and education level by site [P = .3582]) was found. Due to these findings, it is unlikely that this association impacted the results.
Adjusted regression results are reported as unstandardized regression coefficients in the text. VABS-GM was negatively associated with CBCL internalizing t score (β = −0.64; P < .001) and was not significantly associated with CBCL externalizing t score (β = −0.23; P = .0886), when adjusted for covariates. PedsQL total and subscale scores were positively associated with VABS-GM (PedsQL total score: β = 1.79; P < .001), and CBCL internalizing and 
Discussion
Examination of gross motor development, problem behavior and QoL in young children with ASD revealed significant associations amongst all variables. Mean gross motor developmental level for children with ASD reached levels considered clinically significant (1 standard deviation below the mean), correlating to motor performance approximately in the 16th percentile. Severity of gross motor delays was found to increase, and gross motor delays occurred in a larger proportion of children as they aged in this sample, consistent with many investigations about gross motor impairment in children with ASD. 4-9,12-15 Hypothesis 1 (children with ASD demonstrate measurable gross motor delay) is therefore confirmed. It is possible that parents may report increased rates of gross motor delays as children age because the motor differences between their child with ASD and peers with typical development may become more obvious with increased motor expectation. Investigations have also positively correlated gross motor performance with autism severity, performance of activities of daily living, and social communication skills, similar to our investigation. 5, [13] [14] [15] Unfortunately, young children with ASD are often perceived to have relative strengths in gross motor performance compared with other more noticeable deficits, and often do not receive appropriate and early physical therapist intervention despite gross motor impairment being one of the first observable signs of developmental delay associated with ASD. [5] [6] [7] 12, 21, 23, 24 Another factor to consider is that young children with ASD may exhibit differences between capacity and performance of gross motor skills and may not receive appropriate supports which may, in turn, negatively impact behavior, health-related quality of life, and societal participation. 42, 43 Hypothesis 2 (gross motor developmental level is negatively associated with problem behavior) is partially confirmed because this investigation demonstrated significant associations with small effect size between gross motor developmental level and internalizing behavior. Compared to children with neither problem, children with internalizing behavioral problems only and children with both internalizing and externalizing behavioral problems have significantly more impaired gross motor skills. The presence of internalizing problem behavior may be an important indicator of the presence of gross motor delays in young children with ASD. Furthermore, significant positive associations exist between gross motor skills and QoL, with small effect sizes, confirming hypothesis 3 (gross motor developmental level is positively associated with QoL).
The negative associations found between internalizing and externalizing problem behavior to overall QoL, confirms hypothesis 4 (problem daytime behavior is negatively associated with QoL) and supports previous findings in the literature. 17, 18 This investigation found that internalizing problem behavior had a stronger negative association with QoL than externalizing problem behavior, demonstrated by the large and moderate effect sizes of these relationships, respectively. This finding, considered with previously discussed findings that children with internalizing problem behavior have larger magnitude gross motor delays, indicate that children with internalizing problem behavior may have decreased tolerance to novel movement experiences or self-limit gross motor play activity because of negative experiences (ie, falling) that may reinforce cautious/ anxious behavior.
Gross motor developmental level was found to significantly modify the association between problem behavior and QoL, but the effect sizes of these associations were small, confirming hypothesis 5 (gross motor developmental level modifies the association between problem daytime behavior and QoL), indicating that other factors Use of registry information with large data sets from multiple sites across the country provided a rare opportunity to ask multiple questions about suspected clinical relationships. However, this investigation has limitations related to the multisite data and choices in registry information gathered. Clinical utility of the results of this investigation should be interpreted with caution due to the large sample size and small effect sizes associated with the majority of associations described. Although there was a significant difference in mean VABS-GM scores across ATN sites, we chose to analyze aggregate data and did not examine results within sites. This decision was supported by analyses indicating that no significant interaction existed between site, primary caregiver educational level and VABS-GM. It is possible, however, that unmeasured differences in socioeconomic status or other participant characteristics across sites may account for the variability in VABS-GM scores. Unfortunately, our study population lacks the racial, ethnic, and educational diversity that may be expected across such a large region and could limit generalization of our results. Another limitation is that all variables of interest were gathered via parent-report instead of clinical assessment.
This investigation begins to differentiate children with ASD who are most at risk for gross motor delays. Although autism severity is a characteristic that has proven to be related to gross motor delays, problem behavior may also discriminate those who are at risk for gross motor delays. Future research may find other characteristics, such as early evidence of motor planning difficulties that could be identified, examined, and addressed by a physical therapist. In addition, future research would benefit from use of prospective, clinical examination of gross motor development in large populations of young children with ASD to compare to parent report data. More importantly, the extent to which there is a positive impact of early physical therapist intervention in children with ASD should be examined or measured. Improved understanding of the association between developmental impairments more commonly associated with young children with ASD (ie, communication, sensory processing/ integration, social relationships) and gross motor delays could lead to improved evaluation, intervention and outcomes for young children with ASD.
Conclusion
Gross motor impairment in children with ASD often goes unexamined, undiagnosed and untreated despite the wellknown positive impacts of early intervention for gross motor delays. 4, [21] [22] [23] [24] In this sample, young children with ASD, have increasing incidence and degree of gross motor delays with age, and those with internalizing problem behavior have greater gross motor developmental impairment than their peers with ASD, but without internalizing problem behavior. Identifying children with ASD and internalizing behavior problems should be considered by physical therapists and other professionals who interact with young children to facilitate earlier and more efficient evaluation and initiation of physical therapist intervention for gross motor impairments, which may also impact health-related quality of life.
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